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1. An instated gate semiconductor device, comprising: 

a first semiconductor layer of a first conductivity type having first and 

5 second main surfaced 

a second semilnductor layer of a second conductivity type with a low 
impurity concentration Vovided on the first main surface of said first 

semiconductor layer; \ 

a third semiconductor iWer of the second conductivity type with an impurity 
10 concentration higher than the inUrity concentration of said second semiconductor 
layer and provided in close conL on a surface of said second semiconductor 

layer; i\i 

a fourth semiconductor lay<(ryWirst conductivity type provided in close 

contact on a surface of said third semicohductor layer; 

a fifth semiconductor layer of theXecond conductivity type selectively 
provided in a surface of said fourth semiconductor layer; 

a trench having an opening in a surface ofW fifth semiconductor layer and 
having a depth extending through at least said four\semiconductor layer from the 
surface of said fifth semiconductor layer; \ 

an insulating film provided on an inner wall of s\m trench; 
a control electrode provided in said trench, facing s^fourth semiconductor 
layer through said insulating film; \ 

a first main electrode provided on the surface of saiil fourth and fifth 

semiconductor layers; and \ 
25 a second main electrode provided on the second main surfacXof said first 
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semiconductor layer. 

insulated gate semiconductor device according to claim 1, wherein 
said trench \s a depth which extends also through said third semiconductor layer 
5 to reach said s\cond semiconductor layer. 

3. The insulted gate semiconductor device according to claim 1, wherein 
said trench has a dep\ which stays in said third semiconductor layer. 
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4. The insulted gateS^emiconductor device according to claim 3, wherein a 
thickness of said third semiclm^r layer between a bottom of said trench and 
said second semiconductor laA is n^t more than a critical thickness at which a 
rapid decrease appears in a breate^n ^^age of said insulated gate semiconductor 
device with an increase in the thickntes. 

5. The insulated gate semiconductor device according to claim 1, wherein 
said second semiconductor layer extends through said first semiconductor layer and 
is partially exposed in the second main surfac^f said first semiconductor layer. 

6. The insulated gate semiconductor device ad<x)rding to claim 1, wherein a 
sixth semiconductor layer of the second conductivity type with an impurity 
concentration higher than the impurity concentration of siid second semiconductor 
layer is provided between said first semiconductor la\er and said second 
semiconductor layer. 
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7. Tfie insulated gate semiconductor device according to claim 6, wherein 
said sixth semiconductor layer extends through said first semiconductor layer and 
is partially exLed in the second main surface of said first semiconductor layer. 

8. The insulted gate semiconductor device according to claim 1, wherein 
said trench includesXplurality of unit trenches arranged side by side, and 

a part of the exp\ed surface of said fourth semiconductor layer is provided 
being interposed between\aid unit trenches adjacent each other. 

9. The insulated gate senWiductor device according to claim 8, wherein the 
exposed surface of said fourth sM)jiductor layer is divided into a plurality of unit 
exposed surfaces by a part of ^ai^!!^ layer, the plurality of unit 
exposed surfaces being arranged alteXately with part of said fifth semiconductor 
layer along said trench. 

10. A method of manufacturing an^^sulated gate semiconductor device, 
comprising: 

a substrate forming step of forming a semi^Jmductor substrate defining first 
and second main surfaces and having a first senii^nductor layer of a first 
conductivity type and a second semiconductor layer of a^cond conductivity type 
with a low impurity concentration, said first semiconductorVer being exposed in 
said first main surface and said second semiconductor layer bW exposed in said 

second main surface; 

a first implantation step of implanting and diffusing impuritW the second 
conductivity type to an impurity concentration higher than tfte impurity 
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concentration of said second semiconductor layer into said second main surface of 
said seniiconductor substrate to form a third semiconductor layer of the second 
conductiviW type in a surface portion of said second semiconductor layer; 

a secdnd implantation step of implanting and diffusing impurity of the first 
5 conductivity \c in a surface of said third semiconductor layer to form a fourth 
semiconductor laWr of the first conductivity type in a surface portion of said third 

semiconductor layerv 

a third implantk)n step of forming a resist pattern selectively having an 
opening in a surface of\id fourth semiconductor layer on the surface of said 
10 fourth semiconductor layer\^lanting and diffusing impurity of the second 
conductivity type using the r%Jp^ern as a mask to selectively form a fifth 
semiconductor layer of the secondSconductivity type in a surface portion of said 

fourth semiconductor layer; \ 

a first removing step of forming a\ield film having an opening surrounding 

15 a part of a surface of said fifth semiconduV layer on the surface of said fourth 
semiconductor layer and the surface of said fifth semiconductor layer and 
selectively removing said semiconductor substrat^sing the shield film as a mask 
to form a trench with a depth extending through at iVsaid fourth semiconductor 
layer, and removing said shield film after that; \ 

20 a first step of forming an insulating film on surfa^s of said trench, said 

fourth semiconductor layer and said fifth semiconductor laye\ 

a first provision step of providing a conductor on said inflating film so as 

to fill said trench; \ 

a second removing step of uniformly removing said provided conductor to 
25 the opening of said trench so as to leave the conductor in said trench asXcontrol 
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electrode; 

a secoi\ provision step of providing an insulating layer on the surface of 
said insulating fW and a surface of the conductor buried in said trench; 

a third reaving step, of forming a resist pattern having an opening 
5 surrounding the surf)^ of said fourth semiconductor layer and a part of the surface 
of said fifth semicoiictor layer on a surface of said insulating layer and 
selectively removing sai\nsulating layer and said insulating film using the resist 
pattern as a mask; 

a step of providing adductor on the surfaces of said fourth and fifth 
10 semiconductor layers exposed third removing step to form a first main 

electrode; and 

a step of providing a Venator on said first main surface of said 
semiconductor substrate to form a seco^main electrode. 
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11. The method of manufacturing theVsulated gate semiconductor device 
according to claim 10, wherein, in said first re\oving step, said trench is formed 
with a depth extending also through said third semiconductor layer. 



12. The method of manufacturing the insulated W semiconductor device 
ZO according to claim 10, wherein said trench is formed witl^a depth which stays in 
said third semiconductor layer in said first removing step. 



13. The method of manufacturing the insulated gate semiWiuctor device 
according to claim 12, wherein, in said first removing step, said tre\his formed 
25 with a depth so that a thickness of said third semiconductor layer bWn the 
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bottom ot s^tretich and said sccoad semiconductor layer is not naore than a 
critical thicknes^ which a rapid decrease appears in a brealcdown voltage ot said 
insulated gate setAonductor device with an increase in the thickness. 

5 14. The method\manufacturing the insulated gate setniconductor device 

according to claim 10, whim said substrate forming step comprises the steps of. 

preparing a semicondV ^'">^'»'= °' '=°-""'«"'">' '"P^ 

having two main surfaces, and 

providing a semiconductor iV of the second conductivity type wiUt a low 
10 impurity concentration by the epitaxil^W-n one of the main surfaces of said 



semiconductor 



substrate body to foriU^d second semiconductor layer. 
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15. The method of manufacturing theWulated gate semiconductor device 
according to claim 10, wherein said substrate f^g step comprises the steps of; 

preparing a semiconductor substrate body \the second conductivity type 
with a low impurity concentration having two main sWaces, 

implanting impurity of the first conductivity ty>^into one of the main 
surfaces of said semiconductor substrate body; and 

diffusing said impurity implanted into said one main ^ace to form said 
20 first semiconductor layer of the first conductivity type. 

16. The method of manufacturing the insulated gate semiconduW device 
according to claim 15, wherein said step of implanting the impurity of\^first 
conductivity type comprises the steps of, 
25 forming a resist pattern having a selectively formed opening on said one 
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main surfaceVof said semiconductor substrate body, and 

selective implanting impurity of the first conductivity type into said one 
main surface of\id semiconductor substrate body using said resist pattern formed 
on said one main sikface as a mask. 

17. The methodXmanufacturing the insulated gate semiconductor device 
according to claim 10, wWein said semiconductor substrate formed in said 
substrate forming step further\mprises a sixth semiconductor layer of the second 
conductivity type with a high im\rity conceiUration interposed between said first 

10 semiconductor layer and said secondvsefeiconductor layer. 

18. The method of manufacturing insulated gate semiconductor device 
according to claim 17, wherein said substraXforming step comprises the steps of; 

preparing a semiconductor substrate of the first conductivity type 

15 having two main surfaces, and 

sequentially forming said sixth semicondW layer and said second 
semiconductor layer by the epitaxial growth on one ^he main surfaces of said 
semiconductor substrate body. 

20 19. The method of manufacturing the insulated gate s^iconductor device 

according to claim 17, wherein said substrate forming step com^Hses the steps of; 

preparing a semiconductor substrate body of the second coi^uctivity type 
with a low impurity concentration having two main surfaces, 

forming said sixth semiconductor layer by implanting impurity of theWnd 
25 conductivity type and then difftising on one of the main surfaces of ^^d 
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semiconduoor substrate body, and 

implanJW and then diffusing impurity of the first conductivity type in a 
surface of said sL semiconductor layer to form said first semiconductor layer. 

20. The method oWnufacturing the insulated gate semiconductor device 
according to claim 19, whe\said step of forming said first semiconductor layer 

comprises the steps of; 

forming a resist pattern havin)<^lcctively formed opening on the surface 

of said sixth semiconductor layer, 
10 selectively implanting impurity of th>&st conductivity type into the surface 

of said sixth semiconductor layer using said res^pattem formed on the surface of 
said sixth semiconductor layer as a mask, and 

diffusing said impurity selectively implanted i^h^the surface of said sixth 

semiconductor layer. 

21. The method of manufacturing the insulated gate senWductor device 
according to claim 10, wherein, if the impurity concentrations i^^d second 
semiconductor layer, said third semiconductor layer and said fourth semWuctor 
layer are taken as Q, Q, respectively, said first implantation step an^aid 
20 second implantation step are carried out so that the relation thereof is Q<C3<C,. 
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